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PMCAPSULATED MATERIALS 

5 

The frwenflOT relates to a pixK»TO ibr fbimlng capsules. An 
encapsulation process generally comprises tiie following steps: 
(a)fermlng a dteper^n of a core material In a continuous phase contalnir^ a wail 
forming material: 

10 <b) depositing the wall material upon tlie surface of a core material to fomi capsules; 

(c) hardening of ttie capsules; and 

(d) recovering the capsules 

The continuous phase in step (a) Is nomiaRy a solutton of the vrall 
material. If the core is a liquid, It is dispersed or emulsified in said solution; if. however. 

16 the core is a solid, it is usually pre-ground to the desired stzs and then dispersed wHhIn 
the solufion. Step (b) generally invoives changing the conditions of the solution In sudi 
a way as to cause phase separation of the waB material fiom the continuous phase. 
Nonnally. the wall material Is caused to plase separate as a coherent liquid lum 
araund the particles or droplete of the core phase. This liquid or gelaHnoue waH phase 

20 Is subsequently hardened (step (o)),befOTBreco>fBry of the capsules, if the desired 
product is individual capsules, i.e., a dry powder, ^psule re«>very Is eftedsd by 
filtering, centrtfuging and the like, followed by drying, in some Instances, the dried 
product is a caked powder and must be reduced to a free flowing powder by a genHe 
grinding operation, e.g., sieving. 

25 A well known and often used wall fomnlng material Is metamlne- 

fomialdehyde resin. The thus fonned melamlne-fonmaldehyde capsules are e.g. used 
to encapsulate aromatizing and flavoring egente and vitemins. 

An imporilBnt drawbadc of m^amine4onmaIdehyde as wan forming 
material is that a slight fbmialdehyde emission Is stll obsen/ed. During the production 

30 of the resin and the encapsulated product, but also from the capsule ilself. vapours are 
released that may be irritating and even toxia Residues of the original raw materials 
always remain behind, also after polymerizatton. In cured condition, formaldehyde 
slowly diffuses from, the product This formaldehyde emission is not desirable, definitely 
not in a confined area. In such areas formaldehyde is inhaled and contects the eyes, 

35 mouth and other parts of the body. Formaldehyde gas causes initeflon of the eyes and 
respiratory tract and Is toxic. A disadvantage of the capsules based on melamine- 
formaldehyde capsules therefore is the fonnation of the injurious free formaldehyde 
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An aim of the present invention Is to pro>4de a process for forming 
capsules. v*ich do not release tree fonnatdehycte- This aim is achieved In a process of 

(1) foiming a solution of a compound (1) from an ^no oompound/allcanoi hemiacetal 
mixhjre in a solvent, 

(2) fonning a dispersion of a core materfat In the solution, 

(3) depositing the compound as a resin upon Hie surface of the core material to form 
capsules; 

(4) and optionally hardening and isolating the capsules, wherein the compound (1) is a 
compound according to the following fomnula: 



I H 

^ (I) 



where: X ]s equal to O or NRs: R4 is equal to a H. Ci-CnallQri group, ary) group, aralkyl 
group or (^cloaDcyl group;Ri, R2. R9 are equal to an H, aikyl. cydoalkyi. aryi of 
1 5 heterocyclic group, arwJ v^ere R|. Rj, and l^or Ri, R2> and Rs may together form a 
hetisroQ^c group. 

Preferably R4i8 a Ci-Ct2aR^ group. Examples hereof are methyl, 
ettqfi. propyl, butyl. pen1yl» hexyl, hept^ et& R4 is in particular a methyl group or an 
etl^grmip. 

20 The fir^ step in the process of the invention is forming a solution of a 

compound accofding to formula (I). A compound according to formula (}) can be 
prepared by reacting an amino compound and an alkanol hemiacetal of the following 
general formula (II): 
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C OR4 . „ 

Rg— O— C— OH 

^ (II) 
where and Rs are a Ct-Ca alkyl group, aiyl group, aralkyi group or pydoalkyi group, 
in Whidi proQsss an alkanol is rdeased. 

piefeiebiy Rtand Raaro C,-Ci2alkyl groups. Examples hereof are 

5 methyl, ethyl, propyl, tnilyl, pentyl. hexyl. heptyl etc. R4and Reare in partiCMlar a methyl 
group or an eth)^ group. 

Examples of alkanol hemiaoetals of fomnula li are: 
methylglyoxytate methanol hemlacetal (GMHA®. DSIW Fine Chemicals, Unz); 
ethylglyoxylate ethanol hemiacetal (GEHA®. DSM Rne Chemicals, Unz); 

10 ethylglyoxylate methanol hemiacetal; butylglyoxylata butanoi hemiacetal; 
butylglyoxylate methanol hemiacetal; butylglyoxyiate ethanol hemteceial; 
Isopropylglyoxylale Isopropanoi hemiacetal; propylglyoxytete propanOI hemlaoetal; 
(^dohexyiglyoxylato m^hanol hemiacetal and 2-ethylhBxyigiyoxylate methanol 
hemiacetal. H is also possliJie to use elhyl or l>ulyl giyoxylate in stead of the hemiacetal. 

^5 An amino conv^ound is defined herein as a compound having at least 

one NH or Nt^ group, attached to an electron-withdrawing atom or to an atom that is 
connected to eiectron-wHhdrawIng atom or group. The number of amino groups per 
amino compound generally is at most 3. Examples of electron-withdrawlng atoms are 
oxygen, nitrogen and sulphur. Suitable amino compounds are for example triadnes. 

20 guanldlne and nrrixtures of these compounds. Aminopiasts su(^ as melatrtne- 
fbmialdehyde. urea-fomialdehyde and meiamlne-urea^brmaidehydB may also be 
employed as amino compound. Preferably, triazines such as melamine. melam, 
melem. ammeBne, ammeiide and ureidomelamine are used. In particular melamine is 
used. 

25 Step (1 ) and (2) can be carried out in the reversed sequence or 

(»reliel. such that the solution and the dispersion both in the servant are mixed 
together. 

The firet step in the process of the InvenHon is fomfiing a solution of a 
compound (I) from an amino compound/alkanol hemiacetal mixture in a solvent. In this 
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first step a wall forming material Is made. The process for the prepaiaQon of the 
compound according to formula (i) will usi^lly occur spontaneously once the amino 
ocmpound and the allcanoi hemlaoeted acooiding to formula (11) have t>een brought into 
contect with eadi ottier. The temperature in the present process can thus vary wHKln* 
5 wide limits, and preferabiy Des between 10°C and 80^C. Most preferabty the process is 
camed out at fc)etwesn 40''C and 80*'C. 

The pressure in the present process prsfferabiy is between 0.005 
MPa and 1*0 MPa, preferably between 0.02 MPa and 0.1 MPa» The process is 
preferably canled out In a solvent surti as for example water or a mixture of water and 

10 alkanol. Water is the preferred solvent Examples of alkanols are methanol, athanoi, 
propanol, bufanol. pentanol. 

Starting from ttte fact that tf^e number of amino groups per amino 
compound generally is at most 3. the molar amino groupyhemlacetal ratio preferably is 
between 3 and 1, The compound aooordlng Ibrmula (1) spontaneously poiymerizes to a 

15 resin within the preferred temperature range of 40^ and 80°C. With more than 3 
antino groups per hemiacetal, the molecular weight of the resin v^ll be limited, while a 
ration below 1 is limiting for crossfinking of the re^ and leaves free hemiacetal in the 
solvent* 

The second step in the process of the invention Is forming a 
20 dtepeisldn of a core material In the solution. If the core Is a first liquid, the material to be 
encapsulated can be this first liquid. The core material can also be a solid or a second 
• liquid which is dissolved or dispersed in said first liquid. Satd first liquid preferably is a 
high boiling hydrophobic liquid such as an oil. Suitable oils, are in particular partly 
hydrogenated terphenyis, dilorlnated paraffins, alkylated biphenyls. aikyi 
25 naphthalenes, diaryl methane derivatives, dibenzyl ben»ne derivatives* alkanes, 
cycloalkanes and esters, such as phthalates, adipates, trimellitatee and phosphates, 
and silicone oKs. 

To stablli2»» the dispenstlon a surfactant can be added. Suitable 
surfactants can be fbund among tonic and nonwonic surfactants* The surfactant 
30 preferably Is an anionic or non-tonte surfeotent it is not always nec^sary to use such a 
surfactant, since many of the compounds according to formula (II) spontaneously form 
small amounts of anionic groups through hydrolysis which can act as a surfactant. 

The third step In the process of the invention is depositing the 
compound as a resin upon the surface of the core material to fomi capsules. Step (3) 
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generally Involves changing the conditions In such a way as to cause phase separation 
of the wall material fiom the continuous wall solution phase. Noimally, the waH forming 
material Is caused to phase separate as a coherent liquid film around the partlctes or ^ 
droplets of the cora phase in a process which preferably lasts between several minutes 
5 artd hours. Phase separation can be Introduced by an Increase or decrease of the 
temperature. A decrease of temperature causes phase separation due to a decreased 
solubility, while an Increase of the temperature may cause the resin to pass over lis 
cloud polnL 

An altemalhra way of phase separation is to increase the motecuiar 
10 weigW of the re8ln.TW8 is effected by prolonged polymerization of the compound 

accoiding to fbrmula (1 ) in the solvent This will decrease the solubility of the rasin In 

the soivenL 

A third way to introduce phase separation is to increase or to 
decrease the concentration of the resin, thus using the fact that resins from compounds 
15 according to fbnnula (I) generaUy have a range of maximum solubility. 

The optional forth step in the process of the invention is the 
hamenlng and Isolation of the capsules. In this case the Bqutd or getetinoue wall phase 
is preferably hardened, before Isolation of the capsules. If the desired product Is 
individual capsules. I.e., a dry powder. Haidenlng can be done by lowering the 
20 temperature below the T^ of the resin, or by poIymerisaBon of the lesin m order to 
obtain an elastic non^cky capsule. Capsule recovery can be effected by filtering. 
eentrifUglng. followed by diying or by spray <fr/ing. In some Instances, the dried product 
is a caked powder and must be reduced to a free fkwing powder by a gentle grinding 

operation, e.g., sieving. 
25 The encapsulated products of the present Invention also find 

applications due to their unique properties In the tbrmulatfon of compoSHlons fbr widely 
diverelfled fields of use. In the cosmetic field, products such as soap bare, firagrant In 
iotions and creams can be formulated containing encapsulated water soluble 
ingredients which would be unstable or incompatible In unencapsulated form m the 
presence of other Ingredients of the particular fbmiulailon. For example, since certain 
antlbactertals such as the chlorinated phenols and neomycin suKfete are Incompatibte 
on prolonged contact with soap, the present invention roal«s possible thoformulatton 
of a soap bar contabwtg both of these ingredients. 

In the agricultural field, encapsulated food supplements and pest 
control agents can be advantageously fomiulated. For example, water-soluble 
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fertilizers such as ammonium nitiBte. urea and superphosphate can be enoapsulated 
fbr application to the soH when a slow release or extended action is desirable, e-g^ 
where rapid release would "burnT' the vegetation. Fbr the contrc4 of pests, encapsulated 
inse^iddes can be depend on vege^on or In the soil without harm to the 
5 vegetation; moreover, the insecSdde is not dissolved and washed away by moisture or 
lain, thereby allowing the insecticide to remsdn where d^sited until ingested by the 
InsecL Antihelminthic agents such as piperazJne phosphate or derate, and m^iyl 
rosanillne dilorfde when encapsulated can t>e incorporated into feed material for 
domestic animals, file encapsulated antihelminthic thereby being tasteless in the feed 

10 and also protected from decomposiSon during storage of the feed. Rodentiddes sudi 
as caldum cyanide, thallium sulfate and sodium fluoroacefate, which are unstable in 
the presence of moisture or have an odor or taste repellent lo the rodent are 
advantageously encapsulated. 

Vitamins, nninerals, anrdno acids and other food suppleitiertts, v^en 

1 5 encapsulated can be incorporated in animal feeds and be protected f^om 

decomposition during storage periods from such adverse conditions as air, nurture, 
and inoompatible ingredients in the feed composition iteeif. In a similar nnanner, food 
si4)plements can be incorporated in compositions fbr human use. 

The way to release the core material strongly depends on the 

20 application. Oeneraliy it Is aimed that the core materia! is released when the capsules 
are consumed. Examples of consumed encapsulated materials are fragrants released 
during Ironing or in washing machines, and flavours released from food while being 
eaten. 

The release of the core material can be caus^ by different 
25 mechanisms. A first mechanism is a mechanical stress. In this way inl^ is released from 
ink comprising capsules used in copy paper An exanr«)le of the release of the core 
material by a temperature increase is fbund in flavoring addifives applied in soup. 
Another way to release ttie core material Is tsy controlled hydrolisis e.g. initiated by a 
decrease or increase of the pH of the aqueous environment, applied in encapsulated 
30 ft^rants for (dish) washing machines or enzymatic release In drugs compridng 

capsules. In order to control the nslease speed, the thickness of the encapsulating wall 
can be adapted to the requirements of the specific application. A simple way to control 
the wail tiiickness is by choosing the concentration of the mixture In the solvent teking 
into account the particle size in relation to the wall thickness. The weight ratio of the 
35 mixture and the solvent generally is between 0.05 and 0.8, whereby the precise ranges 
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sttx>ngly depend on solubility of the specific compound according to fbrmula (0 
used. Compounds according to fbmiuia (f) typically have a maximum solubility within 
ttte above mentioned range. The predse range for a particular compound c^n easily be 
established by a person skilled In the art. 
5 The present invention also finds appllcatian in metficai treaitnnent of 

both animals and humans. Medicaments can be encapsulated by the method of the 
present invention to give a sustained release upon ingestion vAfh resultant sustained 
therapeutic acHon. Coatings which will not dissolve in the stomach can be Ibmriulated to 
overcome the problem of gastric inltation or nausea caused by such medlcamente as 

10 emetine hydrochtoi1de« quinacrine hydrodiloride and para-aminosallcylic acid. 
Similarly, n^edtcaments such as penicillin and certain glandular extracts which are 
Inacdvated by the acid condition or enzymes encountered In the stomach are 
advantageously encapsulated. 

The Invenfion further relates to an encapsulated material oomprising 

15 a core material, and a wall material* characterized in that the wall material comprises a 
resin comprising a compound according to formula (I). 

The invention further relates to an encapsulated material comprising 
a core material, and a wall material, c^racterized in that the wall material comprises a 
resin comprising a compound aooordlr^ to formula (I). In a prefisrred encapsidaled 

20 material according to the invenfion is ttie heterocydto group formed by Ri, Ra and Rs, 
an aminotriazine ring, Ra is H and R4 is methyl or ethyl. In a more prefened 
encapsulated material acoorcfing to the invention is the aminotriasdne ring derived from 
melantfne* 

An additional advantage of the encapsulated material according to 
25 the invention is, that hydrolyses of the wall material takes place above 85^C. 

The invention Is further elutidated in the following non-limiting 

example. 
Example t 

30 In a reacHon vessel €2.9 gram melamine, se J2 gram methyl 

glyoxylate and 64.8 gram water was added. This mixture was under constant stirring, 
heated up in a oil bad of 80°C unfit the melanrtine reacted completely with the glyoxylate 
and the resin is clear. Then 50 gram of paraffin oil at 80**C is, under fierce sUm'ng with a 
Ultra Tun-ax T25 at 24,000 rpm, carefully mixed In, To stabllire the dispersion of oil and 

35 resin a surfactant {Dlsperbyk-181) was added. The wann oB/resin dispersion was 
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under ^ added to cold water. The ollfte*. dSpefslon "^Tf^ 
The predpliated <«Aesin partlcw were «le«d «lth a p.^^ 

dried In vacuum oven at 60''C. ^ 
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CLAIMS 



1 . Process for fbrmlng capsules comprising: 



(1) 



fbrnilng a solution of a compound (I) from an amino compound/alkahol 



3 riemiacetal mixture in a solvent 

(2) fpnning a dispersion of a core mataiial In the solution 

(3) depositing the compound as a resin upon the surtece of the core 
material to fbmi f»{»ule8; 

(4) and optionally recovering the capsules, wherein the compound (I) Is a 
compound according to the ftonowlnglbnnula: 



JOR^ 



T JOH 



(I) 



where: X is equal or NRo; R4 is equal to a Ci-CzaikyI group, aiyl group. 
16 aralJqrl group or cydoalkyl groupjRi. R2, R3. R5 am equal to an H. alkyl. 

cycloalkyi, aryl of heteropydic group, and where R,. R2. and Rsor Ri. R2, and 
Rs may together form a heterocydic gioup- 

2. Process accoixJIng to claim 1 . wharaln the solvent is water 

3. Process according to dalm 1. wherein the molar amino groupftiemlacetal ratio 
Is between 3 and 1. 

4. Encapsulated material comprising a cote material, and a wall material, 
characterized m that the wall material comprises a resin comprising a 
compound according to formula (1) of daim 1 . 

5. Encapsulated material according to dalm 4. wherein the heterocydic group 
fbmted by R,..R2 and Rb. Is an aminotriazine ring. Ra is H and R4 Is methyl or 
ethyl. 

6. Encapsulated material according to daim 5. wherein the aminotriazine ring Is 
derived from meiamlne. 
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ABSTRACT 



The Invention relates to a process for fanning capsules oonq)rising: 
5 (1) Ibniring a solutton of a compound (I) ftom an anrino conripoun(Vallcanol 
hemiacetal mixture in a sotvenf 

(2) forming a disper^on of a core material in the solution 

(3) deporting the compound as a resin upon the surface of ttie core 
material to form <»psules; 

10 (4) and optionally recovering the capsules, vvherein the compound (i) is a 
compound according to the foliowing lomiula: 



c- 



R3 



(I) 



15 Where: X is equal or NRs: Ri is equal to a d-di aikyi group, aryl group, araiicyl group 
or cydoalM group:Rit i^. are equal to an H, aikyl. cycloalkyt, aryl of hetero^ic 
group, and where Ri, R2. and Rsor Rt, R3, and Rs nay together fomn a hetervx^dic 
group. The invention atso relates to an encapsuiatsd material comprising a core 
maiarial, and a wall material, characteMrlzed in that the wail material comprises a resin 

20 comprising a compound according to Ibnnuia (1). 
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